The coarsening theory of a spherical particle in a ternary alloy developed by Kuehmann and Voorhees (KV) has been generalized to any centro-symmetric particle. A classical thermodynamic analysis reveals that the generalized KV theory enables us to estimate the interface energy of a particle with a fixed shape, even if the shape of the particle is not 
Introduction
The first research on the asymptotic coarsening behavior of the size distribution of spherical particles, and on the associated power laws for the average radius of particles, matrix supersaturation and number density of particles has been carried out independently by Lifshitz and Slyozov [1] and Wagner [2] (LSW). They considered a two-phase system consisting of a vanishingly small volume fraction of a dispersed phase. Based on the LSW theory, Ardell [3] has derived a time law for the matrix supersaturation surrounding a spherical particle. Recently, Kuehmann and Voorhees (KV) [4] have developed a theory for the coarsening of a spherical precipitated phase having two chemical components in a ternary alloy. By formulating the Gibbs-Thomson equation for the ternary system, they found that the temporal power laws of the average particle radius, far-field-matrix supersaturation and particle number density were identical to those of the LSW theory but the amplitudes of these power laws were different from the LSW theory. The theories of LSW, LSW modified by Ardell, and KV have already been employed to study the Ostwald ripening processes of spherical second-phase precipitates in actual alloys [5] [6] [7] [8] [9] . However, the actual shapes of second-phase particles are usually non-spherical. It is thus useful to generalize the KV theory for any shape of particles.
Several studies have been experimentally performed on the growth kinetics of spherical fcc Co and -Fe precipitates in Cu-Co [10] [11] [12] [13] and Cu-Fe alloys [14] . The experimental studies by saturation magnetization measurements [10] and transmission electron microscopy (TEM) [11] [12] [13] [14] have revealed that the average radii of Co and -Fe precipitates increase with t as t1/3, in accord with the prediction of the LSW theory. Using experimental values of the precipitate growth rate and literature data on the diffusivity and solubility limit of solutes, Seno et al. [12] and Matsuura et al. [14] have estimated the interface energies of Co and -Fe precipitates as about 0.31 and 0.25 Jm-2, respectively. On the other hands, Oriani [15] and Ardell and Nicholson [16] have obtained 0.3 to 1.0 Jm-2 from analyses of Livingston's data [10] with available values of the diffusivity and solubility limit of Co in Cu.
Recently, we have examined the coarsening behavior of Co precipitates in Cu-1, 2 and 4wt%Co alloys aged at temperatures of 873, 923 and 973 K by both of TEM observations and electrical resistivity measurements [17] [18] [19] . The shape of Co precipitates changes from a sphere to an octahedron faceted on the matrix {111} via a cube with {001} as the precipitates grow.
For non-spherical precipitates, the radius of a sphere with volume identical to that of the non-spherical precipitate was calculated. The values of 0.15 Jm -2 for spherical Co precipitates and the diffusion coefficient of Co in the Cu matrix were derived independently from data on coarsening alone using the LSW theory. On the other hand, Monzen and Kita [20] have investigated the coarsening of -Fe precipitates in Cu-1.0 and 1.7wt%Fe alloys during aging at 873 to 973 K by the same method as above, supposing that the precipitate shape is spherical. By applying the LSW theory to the experimental data, the value of 0.25 Jm -2 was estimated. Watanabe et al. [18] have also studied the Ostwald ripening of -Fe precipitates in a Cu-2.0wt%Fe alloy aged at 773 and 973 K. The estimate of was 0.27 Jm -2 from the same approach as Monzen and Kita [20] . The shape of -Fe precipitates changes from a sphere to a cube with {001} facets, similar to the observation of Cu-Co alloys. The radius of a sphere with the same volume as that of the cube was used to calculate .
Aging of Cu-base alloys containing Co and Fe produces first spherical coherent Co-Fe precipitates with a fcc structure [21] [22] [23] . We have studied the coarsening of Co-Fe precipitates in a ternary Cu-1.47wt%Co-0.56wt%Fe alloy aged at 873 to 973 K [24] . Observations by TEM and electrical resistivity measurements were performed in order to describe the microstructural evolution and concentration of solute in the Cu matrix. The composition of Co-Fe precipitates was found to be 70at%Co-30at%Fe, which is consistent with the ratio of atomic amounts of Co [18, 20] .
In this study, we will first extend the KV theory to a general case of second-phase particle with any centro-symmetric shape. In the generalized KV (GKV) theory, it is assumed that the particle shape is determined by minimization of the interface energy. We will show from a thermodynamic analysis that a correct energy of any interface of the second-phase particle can be estimated by application of the GKV theory even when the particle shape is not governed by the interface energy minimization, that is, it is affected by the misfit strain energy, originating from misfit between the matrix and particle. In addition, the Ostwald ripening of
Co-Fe precipitates in Cu-1.01wt%Co-1.04wt%Fe and Cu-0.63wt%Co-1.33wt%Fe alloys aged at 873, 923 and 973 K is examined by TEM and electrical resistivity measurements. Finally, the interface energies for spherical, cuboidal and octahedral precipitates in the two Cu-Co-Fe, the Cu-1.47wt%Co-0.56wt%Fe [24] , the Cu-2wt%Co [19] and the Cu-1.7wt%Fe alloys [20] are determined using the GKV theory.
Generalization of KV theory

1 Geometric description
A crystalline solid will, in general, have a specific interface energy which varies with the orientation of the surface relative to the crystal axes: if surface orientation is denoted by the unit normal to the surface n, the specific interface energy is expressed as a function (n). The construction given by Wulff [25] determines the shape which, for given (n) and fixed volume, has the least interface energy. Wulff theorem states that the normal distance, measured from a fixed origin, of a surface element on a particle is proportional to (n) of the element. Supposing that values of 0 (= n 0 )) and 0 (= n 0 )) are known, the Gibbs-Thomson equation (GTE)
generalized to any particle with 3-dimensionally-point symmetric shape [26] is
where n n l n , l(n) is the vector drawn from the center of symmetry to a surface element, m ( 0 ) is the chemical potential of the matrix or phase in equilibrium with a particle of length 0 , m ( ) is that of the matrix in equilibrium with a flat surface of the same substance, and V m is the molar volume of phase. The unit of the chemical potential is joule per mole. A closed surface characterized by the vectors n and l(n) is so-called -plot. The particle shape is set to remain unchanged since the generalized GTE is derived under the shape equilibrium condition. The geometry of the system considered here is presented schematically in Fig. 1 . Using a value of 0, the surface area a S and volume V of the particle are written as
where and are particle-shape-dependent constants. For example, =4 and =4 /3 for a spherical particle. Hereafter the non-spherical particle illustrated in Fig. 1 is referred to as general particle. Though the (n) is not always coincident with the particle size as shown in Fig. 1 , (n) will be called particle size.
2 Kinetic equation
Let us consider a ternary system, consisting of solvent (1) and two solutes (2 and 3).
At first, the solute concentration profile should be defined. Since the ratio (n) / (n) in Eq. (1) is constant for all interface orientations of a general particle, the solute concentration in the matrix near a / interface is the same over the whole surface of the particle [26, 27] . Thus, we consider the equivalent-volume sphere (EVS) for the representation of the concentration field. In this paper, the units of concentration terms will be taken as atomic fraction. The concentration field of the phase can be written with respect to the 0 as The mass conservation at the non-spherical interface is 
Here D i is the diffusion coefficient of the ith component in the phase. Following KV [4] , we assume to a good approximation during ripening that
, where 
express the d 0 /dt as a function of the matrix far-field concentration and the size 0 . The GTE for a spherical particle has already been obtained by KV [4] . According to KV, we have the GTE for the general particle as
from Eqs.
(1) and (7) and usual thermodynamic treatments. Here 
For a sphere, =4 and =4 /3, and 0 and 0 correspond to the radius and the isotropic interface energy of the sphere.
3 Asymptotic solution
As shown in the Appendix A, the mathematical treatments to obtain asymptotic solutions are quite similar to those found by Voorhees [28] . Thus, we will only state the results of this analysis. With replacements of 0 and 0 by (n) and (n) in the limit t
where n is the average particle size and K n is the coarsening rate constant. The far-field supersaturation for the component i is
Here k n,i is the coarsening parameter. The number of particles per unit volume F is written as 1 eq
where eq is the equilibrium volume fraction of particles. In the derivation of Eq. (15), the well-known size distribution g(u) (u= (n)/ n ) of the LSW theory [29] is required [28] . Thus, the size distribution of the general particle is identical to that predicted from the LSW theory for spherical particle. Finally, we now summarize the assumptions for application of the GKV theory: (i) the particle shape remains unchanged during coarsening, and (ii) the system is a dilute solution.
Evaluation of (n) for non-spherical particles
In the GKV theory, the Wulff construction is supposed to be valid: that is, (a) the shape of a particle is determined by the minimum interface-energy criterion and (b) (n) is proportional to (n). However, there generally exists the elastic strain energy due to misfit between and phases in crystalline solids. Onaka et al. [30] have theoretically and experimentally shown that the particle shape is determined so as to minimize the sum of the elastic strain and interface energies of a particle, indicating that the above hypothesis (a) is not valid in actual alloy systems. We will show that even if the assumption (a) is incorrect, the assumption (b) holds true and thus the proper (n) can be estimated from the GKV theory.
It has been theoretically shown that the elastic interaction of two or more particles affects the coarsening kinetics [31, 32] . In the thermodynamic analysis below, however, the elastic interaction energy will not be taken into consideration since the GKV theory should be applied in dilute systems, where the volume fraction of particles is very small.
We will first obtain the local equilibrium condition for a system with the elastic strain energy. The general strategy [33] for finding conditions for the local equilibrium is applied to a system consisting of and phases, containing 3 components each and separated by curved interfaces. Here, particles are set to have a given shape with a smooth surface. Let us define the superficial excess value for any properties. Using the symbol I for U, S, V and n i , the superficial excess value I s for I is given by 
where T, P and i are the temperature, pressure and chemical potential of the ith component of the or phase, and E is the elastic strain energy per unit volume, dependent only on the shape of  . When the phase is elastically isotropic and the phase has arbitrary uniform misfit strains, Eshelby [34] has revealed from the ellipsoidal inclusion problem that the total elastic strain energy in the system can be written in the form of EV . This problem has been extended to the case that the phase is elastically anisotropic [30, 35, 36] . In this case also, the elastic energy can be expressed in the same fashion. The internal energy, volume and total number of moles of each component are constant in an isolated system with internal interfaces. (20) Here V s is zero [33] . Let the curvature of the interface be defined to be positive when the interface is convex relative to the phase. Assuming that the surface of the particle is hypothetically divided into p small elements, the increment in surface area A e of eth surface element as grows is related to the increment in the volume 
Substituting Eqs. (18) to (21) into Eq. (17) and all the coefficients of the differentials in Eq. 
Here e is the interface energy of the eth element. The infinitesimal change in the Gibbs energy G of the and phases are given by
The units of G and G are not joule per mole but joule since we here focus on the transfer of molecules in the system. To consider the partial molar Gibbs energy for the ith component, we estimate the partial derivatives of G and G with respect to (27) by using Eqs. (22) to (24), considering the minimal change in the partial molar Gibbs energy under the isothermal condition, and assuming that 0 shows the change in chemical potential of the component i with composition C c,j in the or phase [33] . Eq. (27) means that the coarsening of the eth surface element at a constant temperature is driven by the e . From this result, together with the shape similarity of the particle during coarsening, we find that relative values of (n) are proportional to those of (n) even when the assumption (a) for the Wulff construction that the shape of a particle is determined by minimization of the interface energy does not hold true in actual systems. This result also indicates that the elastic strain energy has no effect on the coarsening kinetics, in agreement with our intuition.
Coarsening of Co-Fe precipitates in ternary Cu-Co-Fe alloys
1 Experimental
Ingots of Cu-1.01wt%Co-1.04wt%Fe and Cu-0.63wt%Co-1.33wt%Fe alloys were prepared by melting 99.99wt%Cu, a Cu-10.5wt%Co and a Cu-10.0wt%Fe master alloy. The atomic Co/Fe ratios of these alloys are 1:1 and 3:7. The total atomic amounts of Co and Fe in the two alloys are about 2.2%, which is identical to 2.2% in a Cu-1.47wt%Co-0.56wt%Fe alloy used in our previous study [24] . Hereafter, the compositions of the alloys will be expressed in atomic percent. The alloy ingots were homogenized at 1173 K for 24 h in a vacuum. Specimen pieces were cut from the ingots and cold-rolled to a thickness of 3 mm. Then the specimens were solution-treated at 1303 K for 5 h in a vacuum, quenched into cold water (273 K), and subsequently aged at 873, 923 and 973 K in a vacuum.
Thin foils, 0.2 mm thick, for TEM observations were prepared from the aged specimens by electropolishing using a 20vol% solution of a phosphoric acid in water.
Microscopy was performed using a JEOL 2010FEF and a JEOL 2000EX or a HITACHI H-9000NAR microscope at an operation voltage of 200 or 300 kV, and equipped with an energy dispersive X-ray spectroscopy (EDX) system.
The solution-treated specimens for electrical resistivity measurements were spark-cut to the size of 100 mm x 10 mm x 0.5 mm. After aging, resistivity measurements were made at 293 K using a standard four-point potentiometric technique. The cross-sectional area of the specimen was measured at different positions and the average value was used. By applying the experimental data obtained by Linde [37] , the Co and Fe concentrations in the Cu matrix were determined.
2 Experimental results
2. 1 Precipitated phase
As in our previous paper [24] , an EDX analysis was carried out to examine the Small Co-Fe precipitates in the Cu-0.68Co-1.52Fe and Cu-1.09Co-1.16Fe alloys were spherical, as clearly recognized from a bright-field image inserted in Fig. 3(a) , and a dark-field image inserted in Fig. 4(a Although we did not analyze the fringes in detail, they may be -fringe christened by Ardell [39] . The spherical-to-cuboidal shape transitions have been reported in aged Cu-Co-Cr [40] , Cu-Co [17] [18] [19] and Cu-Fe alloys [18] . When r is taken as the radius of EVS, cuboidal precipitates existed above r 10, 10, 15, 20 and 25 nm for Cu-2.15Co [19] , Cu-1.58Co-0.64Fe, Cu-1.09Co-1.16Fe, Cu-0.68Co-1.52Fe and Cu-1.93Fe alloys. There were octahedral precipitates above r 30 and 40 nm for Cu-2.15Co [19] and Cu-1.58Co-0.64Fe alloys.
2. 2 Kinetics of Co-Fe precipitates during Ostwald ripening
Eqs. (11) and (12) indicate that log-log plots of n versus t yield time exponents. Cu-0.68Co-1.52Fe and Cu-1.09Co-1.16Fe alloys. Excepting at early times, the experimental slopes are almost identical to the value of 1/3 for spherical and cuboidal precipitates, predicted by the GKV theory. Log-log plots of n versus t using data in the literature [19, 20, 24] reveal that the n for octahedral precipitates in the Cu-2.15Co and Cu-1.58Co-0.64Fe alloys, and cuboidal precipitates in the Cu-2.15Co, Cu-1.58Co-0.64Fe and Cu-1.93Fe alloys obeys the t 1/3 law. Fig. 6 shows the coarsening curves of Co-Fe precipitates in the Cu-1.58Co-0.64Fe [24] and Cu-1.93Fe [20] alloys.
For each alloy and temperature, the growth rate has decreased gradually with t at the initial stage of aging, and, after a certain time, a linear relationship has been observed between 3 n and t, although the rate changes cannot be obviously seen in Fig. 6 . In our previous papers, we showed evidence for a mixed stage of growth and coarsening of Co and Co-Fe precipitates in the Cu-1.08Co [17] and Cu-1.58Co-0.64Fe [24] alloys before the beginning of a coarsening stage. In addition, we found that the transitions from the mixed stage of growth and coarsening to the coarsening stage changed the growth rates of the Co and Co-Fe precipitates at early times. Similarly, the rate changes in the present study have been found to be caused by the transitions from the mixed stage to the coarsening stage.
As described in section 2. 3, the size distributions of 3-dimensionally-point symmetric particles in ternary systems follow the distribution function g(u) (u= (n)/ n ) of the LSW theory. A comparison between the measured and the theoretically predicted size distributions is shown in Fig. 7 . The agreement between the experimental distributions of small spherical precipitates and the theoretical curves is relatively good. However, the distributions of larger cuboidal and octahedral precipitates are broader than the predicted curves. The broader bottom-shapes of histograms of larger precipitates are similar to those predicted by the theories of Ardell [41] , Voorhees and Glicksman [42] and Wang et al. [43] , considering the effect of precipitate volume fraction on coarsening. The experimental broad distributions are also consistent with those in Cu-Co and Cu-Fe alloys reported by Seno et al. [12] and Matsuura et al. [14] .
2. 3 Change in solute concentration in Cu matrix
The atomic Co/Fe ratios of the precipitates are 3:7 and 1:1 for the Cu-0.68Co-1.52Fe
and Cu-1.09Co-1.16Fe alloys, independent of aging temperature and time, as described in Following Eqs. (13) and (14), give experimental values of k n,i . Although k n,i depends on the precipitate shape, according to Eq.
(14), clear shape dependence of k n,i was not detected. Table 2 lists the values of k n,i for the two alloys, determined by the least-squares fits, together with the reported values for the Cu-Co [19] , Cu-Co-Fe [24] and Cu-Fe [20] alloys. Also extrapolation to t 1/3 =0 yields values of However, this is in agreement with the calculated result of the Cu-Co-Fe ternary equibrium diagrams [44] that the simultaneous dissolution of Co and Fe into Cu reduces the solubility of both Co and Fe in Cu.
Eq. (15) indicates that the number density F decreases with t as t -1 . Log-log plots of F versus t for the Cu-0.68Co-1.52Fe alloy are presented in Fig. 9 . The values of F were obtained from F = 3 /(4 r 3 ), where is the volume fraction of the precipitated phase at time t. Values of were calculated from
, where
C is the matrix concentration of the component i after solutionizing. The time dependence of F in Eq. (15) is obtained in the long-time limit, namely a system with a constant . On the other hand, Ardell [45] has considered the temporal behavior of the precipitate number density during coarsening when varies with time. In this case, the relation between F and t in 3-dimension ripening and diffusion is written by the form
where and are constants. The theoretical values of F calculated from Eq. (28), using eq 0.018, our values of K s and
C , available data on the diffusivity of Co in Cu [46] and appropriate constants in Ardell's paper [45] , are also shown by the straight lines in Fig. 9 . The slopes of the straight lines are almost equal to -1. For each temperature, the data points for sphere and cube lie on the straight line, except for the initial stage of aging. It was recognized that, for each alloy and temperature, F decreased with t as t -1 , irrespective of the precipitate shape.
Discussion
1 Calculation of (n) from experimental data
Combination of the K n , k n,i 
The value of V m was calculated as 6.8 x 10 -6 m 3 mol -1 from V m =N a a 3 /4, where N a is the parameters of fcc Co [47] , fcc Co-Fe [48] and fcc Fe [38] phases are almost identical. Using the subregular solution model, we have the following expressions during aging:
where R is the gas constant, L ij is the interaction parameter between i and j atoms (i or j = Cu, (29) to (32), together with the calculated values using experimental data for the Cu-2.15Co [19] , Cu-1.58Co-0.64Fe [24] and Cu-1.93Fe alloys [20] . The values of s for -Fe are in good accord with the value of 0.25 Jm -2 previously reported by Matsuura et al. [14] .
However the values of s for Co are smaller than the values of = 0.3 to 1.0 Jm -2 , obtained by
Oriani [15] , Ardell and Nicholson [16] and Seno et al. [12] . The reason why our values of s are smaller than the reported values has already been discussed in our previous studies [17, 19] . It is well known that values of K s and k s,i are influenced by finite of precipitates present during coarsening in binary systems since the diffusion distance of solute atoms in the system with vanishingly small becomes longer than that in the system with finite .
Numerous models to correct K s and k s,i have been developed [41] [42] [43] . It would thus be inferred that the present values of K n and k n,i in Tables 1 and 2 are affected by . Since the mathematical treatment of the concentration field in the GKV theory is the same as that in the LSW and KV theories for spherical particles, we can correct the values of K n and k n,i in Tables 1 and 2 by the developed models. However, it is unnecessary for the calculation of (n) using Eq. (29) to correct for of precipitates, because the influencing factors cancel each other, as shown by Chellman and Ardell [5] .
As seen in Figs. 5 and 6, the coarsening rates of EVS precipitates show no changes with shape transitions from a sphere to a cube. Moreover, even in the cases that the precipitate shape changes from a sphere to an octahedron via a cube, we have found that the coarsening rate constants of EVS precipitates exhibit no changes [19, 24] . Since the coarsening rate of a surface element at a given temperature is dependent upon only the interface energy, as revealed in section 3, the relation s = g 001 001 = g 111 111 must be satisfied between the three shapes. Here g 001 and g 111 (=g n ) are the ratios of the interfacial areas of the cube and octahedron to that of EVS. Using the values of 001 and 111 in Table 4 , and g 001 =1.24 and g 111 =1.18, we had the seventeen values of g 001 001 and g 111 111 for the five alloys, which are identical to the values of s in Table 4 . Therefore, our conclusion that the assumption (b) for the Wulff construction holds true even when the assumption (a) is not valid is justified.
From application of the KV theory to the coarsening data of spherical Co-Fe precipitates in the Cu-1.58Co-0.64Fe alloy, Watanabe et al. [24] determined the pre-exponential factor D 0 and activation energy Q for diffusion of Co and Fe in Cu. In this study, from a similar approach using the K n , k n,i [46, 52] . In this calculation of the diffusivities, the correction for is theoretically necessary. In this study, however, the effect of on the K n and k n,i values is neglected because the present values of 0.018 are very small.
2 Energy analysis on precipitate shape transition
Onaka et al. [53] and Satoh and Johnson [54] have shown that, in some cases of coherent precipitates in cubic materials, the precipitate shape is controlled by minimization of the sum of the elastic strain energy and interface energy of a precipitate. Moreover, Onaka et al. [36] have calculated the elastic strain energies E s , E 001 and E 111 (=E n ) per unit volume of cubic materials containing spherical, {001}-cuboidal and {111}-octahedral precipitates with a purely dilatational misfit strain, using the supersphere concept. In their energy calculations, the elastic anisotropy of the Cu matrix has been brought into consideration. In the present and previous studies [17] [18] [19] 24] , the spherical-to-cuboidal and cuboidal-to-octahedral shape changes with increase in size took place. We will consider the sum of the elastic strain and interface energies of a precipitate so as to analyze the shape transitions subsequently.
Assuming that the shapes of precipitates are perfect sphere, cube and octahedron, the total free energy n , G t of a precipitate can be written as [53] 
According to Onaka et al. [36] , n E C 44 2 , where is a shape-dependant constant, C 44 is the shear modulus of the matrix and is the purely dilatational misfit strain of precipitate phase. In the previous study [ [4] has been generalized to particles with any centrosymmetric shape. The time exponents of the average particle size, supersaturation at infinity and particle number density, being a function of the anisotropic interface energy, are identical to those found by KV. Table 4 . Their values increase with increase in the Fe composition in the alloys. 
The system is now specified by the continuity equation (Eq. (A2)), the mass conservation constraint (Eqs. (A3) and (A4)) and the particle growth rate (Eq. (10) in the text). In order to reduce variables, we define
According to the method outlined by Voorhees [28] with above reduced variables, we have Eqs. (11) to (15) [19] , Cu-1.58at%Co-0.64at%Fe [24] and Cu-1.93at%Fe [20] alloys. Table 2 Coarsening parameters k n,Co and k n,Fe for Cu-1.09at%Co-1.16at%Fe and Cu-0.68at%Co-1.52at%Fe alloys containing spherical and cuboidal precipitates. Also
shown are values of k n,Co and k n,Fe for Cu-2.15at%Co [19] , Cu-1.58at%Co-0.64at%Fe [24] and Cu-1.93at%Fe [20] alloys containing spherical, cuboidal and octahedral precipitates. Table 3 Equilibrium concentrations C for Cu-1.08at%Co [17] , Cu-1.58at%Co-0.64at%
Fe [24] and Cu-1.93at%Fe [20] alloys. Table 4 Energies s and 001 of sphere and {001} interfaces of Co-Fe precipitates in Cu-1.09at%Co-1.16at%Fe and Cu-0.68at%Co-1.52at%Fe alloys, obtained using Eq. (29) . Also shown are values of s , 001 and 111 for {111} interface of precipitates, calculated using data for Cu-2.15at%Co [19] , Cu-1.58at%Co-0.64at%Fe [24] and Cu-1.93at%Fe [20] alloys. Table 5 Pre-exponential factors D 0s and D 0c and activation energies Q s and Q c for diffusion of Co and Fe in Cu, estimated using data on coarsening of spherical and cuboidal precipitates in Cu-1.09at%Co-1.16at%Fe and Cu-0.68at%Co-1.52at%Fe alloys.
Also shown are values calculated using coarsening data for a Cu-1.58at%Co-0.64at%Fe [24] alloy, and values of D 0 and Q for impurity diffusion of Co [46] and Fe [52] in Cu obtained by tracer diffusion technique. Table 1   Table 2   Table 3   Table 4   Table 5 
